Abstract The purpose of this work was to investigate adaptation and decay from short-term (5-day) heat acclimation (STHA). Ten moderately trained males (mean ± SD age 28 ± 7 years; body mass 74.6 ± 4.4 kg; _ V O 2peak 4.26 ± 0.37 l min -1 ) underwent heat acclimation (Acc) for 90-min on 5-days consecutively (T a = 39.5°C, 60% RH), under controlled hyperthermia (rectal temperature 38.5°C). Participants completed a heat stress test (HST) 1 week before acclimation (Acc), then on the 2nd and 8th day (1 week) following Acc (T a = 35°C, 60% RH). Seven participants completed HSTs 2 and 3 weeks after Acc. HST consisted of 90-min cycling at 40% peak power output before an incremental performance test. Rectal temperature at rest (37.1 ± 0.4°C) was not lowered by Acc (95% CI -0.3 to 0.2°C), after 90-min exercise (38.6 ± 0.5°C) it reduced 0.3°C (-0.5 to -0.1°C) and remained at this level 1 week later (-0.5 to -0.1°C), but not two (0.1°C -0.4 to 0.5°C; n = 7) or 3 weeks. Similarly, heart rate after 90-min exercise (146 ± 21 b min -1 ) was reduced (-13: -6 to -20 b min -1 ) and remained at this level after 1 week (-13: -6 to -20 b min -1 ) but not two (-9: 6 to -23 b min -1 ; n = 7) or 3 weeks. Performance (746 s) increased 106 s: 59 to 152 s after Acc and remained higher after one (76 s: 31 to 122) but not two (15 s: -88 to 142 s; n = 7) or 3 weeks. Therefore, STHA (5-day) induced adaptations permitting increased heat loss and this persisted 1 week but not 2 weeks following Acc.
Introduction
Research on heat acclimation has focused almost exclusively on its induction, such that there is less information available on the time course for the decay of adaptation to the heat often with conflicting results between researchers (Henschel et al. 1943; Bass et al. 1955; Wyndham and Jacobs 1957; Adam et al. 1960; Lind and Bass 1963; Williams et al. 1967; Pandolf et al. 1977; Shapiro et al. 1981; Armstrong and Maresh 1991; Pandolf 1998; Saat et al. 2005; Weller et al. 2007 ). However, it is accepted that complete adaptation to heat stress occurs after *7-10 days and 75% of the adaptations are evident from *4 to 6 days (Pandolf 1998) . Further, it is acknowledged that a key factor in heat acclimation is cardiovascular stability and the first adaptations to occur are the first to decay, which are within the cardiovascular system (Armstrong and Maresh 1991) . For example, the percentage loss of acclimation appears to be greater for cardiac frequency (f c ) than for rectal temperature (T re ), from 6 to 21 days post acclimation (Williams et al. 1967; Pandolf et al. 1977) . Indicating that DT re may not be dependent on Df c , and that physiological changes that take longer to develop will have a slower rate of decay. Therefore, due to incomplete knowledge in the literature the decay of short-term acclimation requires further investigation, as it may add to our understanding of how the attenuation of cardiovascular strain associated with heat acclimation is mediated. From a practical perspective, updated information on the time course of acclimation decay may allow a reliable estimate of how long individuals can be free from heat exposure before re-acclimation is required. This is particularly poignant today and as many athletes, civilians and military personnel are increasingly having to relocate to different climates of the world, often within a short period of time.
Time course of heat acclimation decay Physiological adaptations after heat acclimation are relatively short-term and may vanish only a few days or weeks after removal from heat exposure (Armstrong and Maresh 1991; Taylor 2000) . It is well established that the characteristic adaptations to the heat such as decreased f c , attenuated T c , a more dilute sweat and the earlier onset of sweating have been shown to return to normal values after 3 weeks post heat exposure (Wyndham and Jacobs 1957; Adam et al. 1960; Williams et al. 1967; Armstrong and Maresh 1991) . It has been suggested that the rate of heat acclimation decay is such that for every 2 days spent without working in the heat, 1 day of acclimatisation is lost (Givoni and Goldman 1972) . Furthermore, in a more recent review on heat adaptation, Taylor (2000) recommended that one additional heat exposure be used for each 5 days away from significant exposure. However, using a longerterm acclimation protocol of ten consecutive days, Weller et al. (2007) used 16 male participants, who were acclimated to dry heat (46.1 ± 0.1°C 17.9 ± 0.1% relative humidity), using the hyperthermia controlled technique (38.5°C rectal temperature). The participants were then divided into two groups and re-exposed to work in the heat at 12 (n = 8) and 26 days (n = 8). They reported that heat acclimation was re-attained after 2 and 4 days, respectively. They concluded that after acclimation had been attained the time spent in cooler climates before extensive re-acclimation may be required maybe up to 1 month (Weller et al. 2007) .
It is widely acknowledged that the first heat adaptations to decay are the first to occur, which are from cardiovascular origin (Williams et al. 1967; Pandolf et al. 1977; Pandolf 1998; Saat et al. 2005) . For example, Saat et al. (2005) reported a greater percentage loss of acclimation for f c than T re , on the fourth day after ceasing acclimation. Similarly, in the research groups of Pandolf et al. (1977) and Williams et al. (1967) it was reported that the percentage loss of acclimation is greater for f c and mean sweat rate _ m sw ð Þthan T re during the decay of acclimation, from 6 to 21 days (Williams et al. 1967; Pandolf et al. 1977) . Indicating that the change in T re may not be dependent on f c and _ m sw per se. It further suggests that physiological changes that take longer to develop, e.g. sudomotor habituation and improved sweating efficiency (Taylor 2000) , will have a slower rate of decay. Of the limited research available on the decay of acclimation there are many confounding methodological issues such as the heat exposure type, training status, number and duration of acclimations. For example, in a review by Pandolf (1998) it stated that the retention of acclimation remained longer after exposure for dry versus humid heat was associated with high aerobic fitness. Williams et al. (1967) investigated the rate of acclimation loss in summer and winter using a small 4-day period of acclimatisation. The interval between heat stress tests (HST) is particularly important because if it is too brief it may actually constitute adaptation stimuli (Barnett and Maughan 1993) . It is suggested that this is an experimental design problem for the research groups of Saat et al. (2005) and Pandolf et al. (1977) , who had HSTs during the decay of acclimation, at 4 and 3 days, respectively. The work of Barnett and Maughan (1993) reported that in order to ensure there is no heat acclimation effect, repeated exercise exposures must be at 1-week intervals. Therefore, a lack of consistency in experimental standardisation has resulted in many issues with the decay of acclimation still awaiting further definitive research (Pandolf 1998; Taylor 2000) .
Heat acclimation and cardiovascular stability
A principle feature of heat acclimation is increased cardiovascular stability (Strydom and Williams 1969; Greenleaf and Greenleaf 1970) , indicated especially by lower exercising f c (Armstrong and Maresh 1991), which is often concurrent with hypervolaemia (Harrison 1985; Sawka et al. 2000) . Plasma volume (PV) expansion and decreasing exercise f c are two rapidly occurring responses to heat acclimation (Patterson 1999; Patterson et al. 2004 ), but it is not clear they are casually related. It was suggested that after artificially induced PV expansion, hypervolaemia may merely be a supportive adaptation to enable lowered f c response, but may not improve thermoregulatory function or tolerance in the heat O'Sullivan 2003) . However, it is widely accepted that exercise-induced hypervolaemia, mediated by PV expansion, has the beneficial effect of enhancing cardiovascular and thermoregulatory responses to exercise (Fellman 1992) . Similarly, it is widely assumed that the cardiovascular and thermoregulatory improvement noted early during heat acclimation (Armstrong 1992; Nielsen et al. 1993; Hargreaves and Febbraio 1998 ) is mediated by PV expansion (Senay et al. 1976; Shapiro et al. 1981; Harrison 1985; Sawka et al. 2000) . Artificial PV expansion confers some adaptations in temperate (Fellman 1992 ) and hot conditions ) but does not necessarily enhance exercising V S (Montain and Coyle 1992) or work capacity (Sawka 1983) .
Irrespective of whether hypervolaemia does (Shapiro et al. 1981) or does not (Patterson 1999 ) decrease with continued acclimation, there is limited information available on its rate of decay within a few days or weeks of ceasing acclimation. However, the transient nature of PV expansion has been observed to decrease to baseline levels within 2-3 days after short-term aerobic training (Lamb and Murray 1988) . After an 8-day heat exposure period followed by minimal activity for 7 days Convertino et al. (1980) reported that PV expansion had returned back to baseline within 1 week after the stimulus was removed (Convertino et al. 1980) . Hence, after short-term (5-days) heat acclimation, one would expect the PV expansion to return to baseline levels within the first week of decay. Therefore, if hypervolaemia were largely responsible for the increased cardiovascular stability, indicated by decreased exercise f c , then this attenuation would be expected to track the induction and decay of hypervolaemia during and after acclimation. If not, it may suggest that more centrally controlled mechanisms have a major role in the improved cardiovascular stability with heat acclimation (Horowitz and Meiri 1993; Levi et al. 1993 Levi et al. , 1997 Mirit et al. 2000; Horowitz 2002 ). An examination of the relationship between the induction and decay of exercise f c and hypervolaemia, during and after acclimation was a major purpose of the current work on de-acclimation.
In summary, the aims of this study were to (1) investigate the decay of the physiological and performance adaptations associated with short-term (5-day) heat acclimation and establish the role of blood volume (BV) in cardiovascular stability with acclimation. A secondary purpose (2) was the calculation of the reliability of the carbon monoxide dilution technique (Burge and Skinner 1995) used to measure BV.
Method

Subjects
Participants were ten volunteers from the staff and students of the University of Otago. They were male, moderately well trained and in the age range of 18-37 years (mean ± SD age 28 ± 7 years; body mass 74.6 ± 4.4 kg; _ V O 2 peak 4.26 ± 0.37 l min -1 and peak power output (PPO) 329 ± 42 W). Each subject was unacclimated to the heat prior to the study. Acclimations were carried out in the winter-spring, to minimise seasonal acclimatisation effects. The study was conducted within the bounds of approval granted by University of Otago Human Ethics Committee.
Experimental design and overview
The ten participants completed an exercising HST administered 1 week before and the 2nd day after acclimation and then on days 9, 16 and 23 (Fig. 1) . Participants rested for 60 min on arrival to the laboratory before cycling at 40% PPO for 90 min duration (35°C 60% RH, with a wind speed \0.5 m s -1 ). They then rested for 10 min before commencing a ramp protocol (2% PPO each 30 s) to volitional fatigue, or a rectal temperature (T re ) C 39.5°C (Fig. 2) . BV was measured 1 week before the pre-acclimation HST and the 1st day after acclimation, followed by days 8, 15 and 22 using the carbon monoxide (CO) rebreathing technique (Burge and Skinner 1995) . PV was derived by subtraction. This technique is based on the principle that CO has a strong affinity with Hb, yielding carboxyhaemoglobin (HbCO), which allows Hb mass to be determined from the extent of increase in [HbCO] due to rebreathing a known mass of CO. Venous blood samples were obtained after a priming dose and again after CO rebreathing for 10 min to obtain [HbCO] . The dosage of CO for aerobically fit males is 20 ml for the priming dose and 1.5 ml CO/kg body mass for the main dose. Heat acclimation consisted of 90-min exposure on five consecutive days (40°C, 60% RH), using controlled hyperthermia (rectal temperature (T re ) 38.5°C). Fluid regulatory measures of plasma aldosterone [aldo] p and plasma AVP [AVP] p were recorded on day one (D1) and day five (D5) of acclimation. For logistical reasons regarding usage of the heat chamber facility and participant availability the HSTs were in the mornings, all beginning at the same time of the day (9.00 a.m.). Participants were asked to refrain from strenuous exercise immediately before and 24 h prior to each HST, as it has been demonstrated that lower resting core temperature contributes to reduced physiological strain during acclimation (Kampmann et al. 2008) . Acclimation bouts took place in the late afternoon/early evening. This consistency was important to control for changes in core temperature and sweating response that may occur if repeated heat exposures were to take place at different times of the day (Shido et al. 1999) . Specifically, Shido et al. (1999) reported that the effect of acclimation on resting T re was specific to the time of day of acclimation.
The environmental chamber, housed in the School of Physical Education, was used to control ambient temperature and relative humidity. An electro-magnetically braked cycle ergometer was used to apply constant and incremental resistance during the HST (Rodby Elektronik AB, Model RE 820/830, Sodertalje, Sweden). Monarch cycle ergometers were used during acclimation trials (Monarch Ergomedic, Model 824E, Varberg, Sweden). Body core temperature was measured using a rectal thermistor (Thermistor 400, Mallinckrodt Medical Inc., St Louis, MO, USA) placed in the rectum 10 cm beyond the anal sphincter. Temperature data were logged at 60 s intervals on a portable data logger (1200 series, Squirrel Grant Instruments, Cambridge, England) in the 90-min exercise stress test. Cardiac frequency (f c ) was measured from the R-R interval of ventricular depolarisation (Polar Sport tester Advantage, Kemplele, Finland) at 1-min intervals during the 90-min HST.
A flexible 20-gauge catheter was placed in a suitable forearm vein before each HST and on days one and five of acclimation. Venous blood samples (15 ml) were taken without stasis, following a 1 ml discard. The catheter was flushed with saline after sampling. The samples were taken at rest, 30, 60 and 90 min in the HST, and at the same times on days one and five of the acclimation, but with the omission of the 30 min sample (Morel and Doucet 1986; Creasy 2002 
Data analysis
The induction and decay of adaptation of dependent measures were analysed using paired t-test analysis, on the mean change from pre-acclimation, and reported as means with 95% confidence intervals (95% CI). The reliability of dependent measures has been expressed as the CoV (95% CI) and SE (95% CI). The relationship (r) within variables has been calculated using the Pearson Product Moment Correlation. A reliability study (n = 6) was administered prior to experimentation, for the measurement of BV, to Fig. 2 Individuals' rectal temperature and cardiac frequency before (pre acclimation) and at weekly intervals following 5 days of heat acclimation. The 90-min rectal temperature and heart rate data were obtained at completion of a standardised exercise heat stress test. The mean ± SE is denoted by a black triangle and line and expressed as degree Celsius for rectal temperature and b min -1 for cardiac frequency. Numbers above data-points show the mean change from pre-acclimation, with corresponding P values shown below (in bold if P \ 0.05) avoid the occurrence of possible type II errors in the data collection (Hayden et al. 2004) , and it established a CoV of *2.9%.
Results
All ten participants completed the pre-acclimation, post 2 and 9 days decay HSTs, with seven participants completing the post 16 and 23 days decay. BV and PV was measured from all ten participants for pre-acclimation, post 1, 8 and 15 days decay with nine participants for 22 days decay.
Rectal temperature (T re ) and cardiac frequency (f c ) Acclimation did not lower T re at rest (95% CI: -0.3 to 0.2°C), but after 90-min exercise (38.6 ± 0.5°C) it was reduced 0.3°C (-0.5 to -0.1°C; P = 0.03; top panels of Fig. 2 ). The attenuation persisted at this level 1 week later (-0.5 to -0.1°C; P = 0.03), but not two (0.1°C: -0.4 to 0.5°C for n = 7) or 3 weeks later.
Cardiac frequency (f c ) after 90-min exercise (146 ± 21 b min -1 ) was reduced 13 b min -1 (-6 to -20 b min -1 ; P = 0.001) by acclimation, and the attenuation was maintained at this level after 1 week (-13: -6 to -20 b min -1 ; P = 0.001) but not two (-9: 6 to -23 b min -1 for n = 7) or 3 weeks later (third panel of Fig. 2 ).
Blood, plasma and red cell volume Plasma volume was not increased by acclimation (D4.2: -2.8 to 11.5%; P = 0.13) and was at baseline after 1 week (0.3: -1.7 to 4.5%; P = 0.96) and thereafter (top panel: Fig. 3) . Thus, exercising f c was attenuated by 10% for at least 9 days following acclimation (third panel: Fig. 3 ), whereas the trend for a 4% increase in (resting) PV 1 day after acclimation was absent by day 8 (top panel: Fig. 3 ). BV and red cell volume (RCV) a similar response to PV (second and third panels: Fig. 3 ).
Fluid regulatory and stress hormones Plasma aldosterone (Fig. 4) , AVP (Fig. 5 ) and cortisol concentrations (Fig. 6) were measured at rest, 60 and 90 min during the 90-min exercise stress test.
Acclimation did not change plasma aldosterone [aldo] p at rest (-5: -47 to 38 pg ml -1 ; P = 0.81; upper panel of Fig. 4 ), but after 90-min exercise (508 ± 65 pg ml -1 ), it was reduced by -102 (-157 to -47 pg ml -1 ; P = 0.001; lower panel of Fig. 4) . The attenuation did not persist at this level 1 week later (-224 to 31 pg ml -1 ; P = 0.12), 2 (-22: -145 to 101 pg m -1 for n = 7) or 3 weeks.
Acclimation did not change plasma AVP [AVP] p at rest (-0.2: -1.0 to 0.7 pmol l -1 ; P = 0.81; upper panel of Fig. 5 ), or after 90-min exercise (-3.3: -6.8 to -0.3 pmol l -1 ; P = 0.07; lower panel of Fig. 5 ). There was no change 1 week later (-4.5 to 2.0 pmol l -1 ; P = 0.41) or thereafter.
Plasma cortisol [cortisol] p did not change at rest 3.3 (-1.2 to 6.7 lg dl -1 ; P = 0.06; upper panel of Fig. 6 ), after 1 week 0.9 (-1.7 to 3.6 lg dl -1 ; P = 0.45) or 2 (0.1: -2.2 to 1.9; P = 0.87; n = 7) or 3 weeks later. After 90-min exercise acclimation did not change [cortisol] p (-1.1; -4.4 to 2.3 lg dl -1 ; P = 0.48; lower panel of Fig. 6 ) or persist thereafter. Fig. 7 ) or after 90-min exercise (-0.17: -0.4 to 0.1 mg ml -1 ; P = 0.13; lower panel of Fig. 7 ). There was no change 1 week later (-0.1 to 0.5 mg ml -1 ; P = 0.64) or thereafter.
Acclimation did not change plasma albumin [alb] p at rest (-0.01: -0.45 to 0.45 mg ml -1 ; P = 0.98; upper panel of Fig. 8 ), but after 90-min exercise (4.9 ± 0.3 mg ml -1 ) it was reduced by -0.16 (-0.26 to -0.05 mg ml -1 ; P = 0.001; lower panel of Fig. 8 ). However, this attenuation did not persist at this level 1 week later (-0.02; -0.22 to 0.19 mg ml -1 ; P = 0.86) or thereafter.
Sodium
Acclimation did not change plasma Na ? Na þ ½ p p at rest (0.1: -2.3 to 2.5 mmol l -1 ; P = 0.88; upper panel of Fig. 9 ) or after 90-min exercise (0.01: -1.4 to 1.4 mmol l -1 ; P = 0.99; lower panel of Fig. 9 ) and thereafter.
Exercise performance capacity
Performance time (746 s) was increased by 106 s (59-152 s; P = 0.001) after acclimation, and remained higher after 1 week (76 s: 31-122 s; P = 0.001) but not 2 (15 s: -88 to 142 s) or 3 (24 s: -23 to 97 s) weeks later (Fig. 10) . Therefore, performance was attenuated at least 9 days after heat acclimation but had nearly returned to baseline levels post 16 days and thereafter.
Reliability of blood, plasma, red cell volume and mean haemoglogin mass
In the present work it had been established that by 9 days and thereafter post acclimation, the measured BV variables under investigation had returned to baseline pre-acclimation values. Therefore, reliability of dependent measures after 7, 14 and 42-49 days were calculated using the CoV (95% CI), SE (95% CI) and r, on the corresponding dependent variable measures 9-16; 9-23 and baseline to 42-49 days post acclimation, respectively. Low CoV, SE and strong relationships between trials were recorded for BV, PV, RCV and mean haemoglogin (M Hb ) when measured 7 days apart (Table 1) . However, CoVs and SEs for BV, PV, RCV and M Hb were substantially higher when measured after 14 days (Table 2) and especially 42-49 days (Table 3) . For example, the CoV for BV was 2.3% with a 7-day interval between repeated tests. However, after 14 and 42-49 days this had increased to 4.9 and 5.5%, respectively.
Discussion
Short-term (90 min day
-1 for 5-day) heat acclimation, using controlled hyperthermia (38.5°C rectal temperature), significantly attenuated thermal strain and enhanced exercise capacity in the heat and this concurs with previous reports (Turk and Worsley 1974; Cotter et al. 1997; Patterson et al. 2004 ). This was reflected by the characteristic features of acclimation; increased cardiovascular stability by decreased f c , reduced T re and a tendency for PV expansion. Furthermore, the increased capacity for work observed in the present study and the physiological adaptation to heat stress may have been enhanced by using the controlled hyperthermia technique during acclimation. This technique increases work stress progressively as the individual adapts to the heat stress conditions (Taylor 2000; Creasy 2002 ).
Acclimation did not significantly lower T re at rest but at 90-min exercise it decreased. The limited change in resting T re is in contrast to greater reductions reported in studies (Shvartz et al. 1973; Buget et al. 1988; Houmard et al. 1990 ). However, the absence of an acclimation-induced, reduced resting T re may reflect the findings in animals (Sakurada et al. 1994 ) and humans (Shido et al. 1999 ) that resting T c measurements are only attenuated at the time of day the heat exposures typically occur. Shido et al. (1999) suggest that due to selectively modified, oscillatory control of body temperature (Bruck and Olschewski 1987), repeated heat exposure in humans must be limited to a fixed time daily when investigating changes in T c level and thermoregulatory function. Therefore, in the present study resting T re was not substantially lowered and may be explained by the timing of the measurement. The heat stress testing was in the morning (9.00 to 12.00), in contrast to the acclimation bouts that were scheduled in the late afternoon (15.00 to 17.00), mainly for timetable constraints of participants and experimentation. Thus, it is suggested that the acclimation-induced effects of reducing resting body temperature would have been more pronounced if the HST had been in the afternoon, but it may also have required more than 5-day acclimation (Sakurada et al. 1994; Buono et al. 1998; Shido et al. 1999) . The adaptations in the present study generally persisted for one, but not 2 weeks following acclimation, as did the increased performance capacity. However, the exception was PV expansion, recording pre-acclimation levels 1 week following acclimation. A principal feature of heat acclimation is increased cardiovascular stability, indicated especially by lower exercising f c (Armstrong and Maresh 1991), which is often concurrent with hypervolaemia (Harrison 1985) . However, in the present study during the decay of acclimation this relationship did not occur. At 9 days post acclimation, lower exercising f c was maintained but PV expansion was at pre-acclimation levels. The decay of PV expansion concurs with the findings of Convertino et al. (1980) , who reported that PV expansion had diminished within 1 week after an 8 day heat exposure period, followed by sedentary minimal activity for 7 days. It is established that PV expansion and decreasing exercise f c are two rapidly occurring responses to heat acclimation (Patterson 1999; Patterson et al. 2004 ) indicating that it is not clear they are causally related. Furthermore, it has been suggested that after artificially induced PV expansion, hypervolaemia may merely be a supportive adaptation to enable lowered f c response, but may not improve thermoregulatory function or tolerance in the heat . If hypervolaemia were largely responsible for the increased cardiovascular stability, indicated by decreased exercising f c , then this attenuation would be expected to track the induction and decay of hypervolaemia during and after acclimation. Therefore, in the present study the lack of causality between the PV and exercise f c response during the decay of acclimation, suggests that the improved cardiovascular stability with heat acclimation, may not be solely mediated by hypervolaemic responses per se. It has been postulated that cardiovascular function during exercise may be mediated by a combination of central and peripheral components (Horowitz and Meiri 1993) . It is generally assumed that improved cardiovascular stability with heat acclimation reflects an increased BV (Harrison 1985; Sawka et al. 2000) . However, the results from this work do not fully support this notion and indicate that the cardiovascular-related benefits from short-term heat acclimation, may not be mediated solely by the hypervolaemic responses per se. Therefore, after short-term heat acclimation, the mechanisms that may have a role in the mediation of lower exercise f c and increased cardiovascular stability, may be more centrally controlled. Although the present work has no clear evidence of centrally controlled mechanisms, mediating cardiovascular stability, the notion that centrally mediated, increased ventricular contractility has a major role in improved cardiovascular stability with heat acclimation has recently received attention in the literature (Horowitz and Meiri 1993; Levi et al. 1993 Levi et al. , 1997 Mirit et al. 2000; Horowitz 2002 ). However, this work has primarily used the rat model and because of the invasive nature of this research, there is limited information available on similar work with humans, leaving this area awaiting further definitive research.
From an applied perspective, the findings of this study generally indicate that after 9 days post acclimation the adaptations from a short-term protocol had returned to preacclimation values. Furthermore, the reliability studies in the present work indicated that no acclimation stimuli was reported for exercise f c , T re and PV when post-acclimation, HSTs, took place 7 days apart and this is supported by previous research (Barnett and Maughan 1993; Pandolf 1998; Hayden et al. 2004) . Therefore, the heat acclimation of individuals using a short-term protocol-should not be completed more than one *1 week before their relocation to a heat stressful environment and it is recommended that one additional heat exposure should be used for each 5 days away from significant exposure (Taylor 2000) . However, using a longer-term 10-day acclimation regime Weller et al. (2007) reported that participants re-exposed to work in the heat after 12 and 26 days re-attained heat acclimation after 2 and 4 days, respectively. They concluded that after acclimation had been attained the time spent in cooler climates before extensive re-acclimation was required maybe up to 1 month.
Low 7 day measurement errors (CoVs and SEs) were recorded for BV, PV, RCV and M Hb indicating that the CO technique used in this study (Burge and Skinner 1995) was reliable. Therefore, as CO rebreathing has shown a strong relationship with more invasive measures of BV analysis such as albumin labelling (r = 0.98) and radioactive isotope labelling (r = 0.97), it has been recommended for repeat use on subjects (Thomsen et al. 1991) . Furthermore, the CoV for the measurement of BV in the 7 day reliability trial (2.3%; n = 10) was lower than the CoV reported in our pilot testing (2.9%; n = 6) and previous work on the reliability study on the carbon monoxide rebreathing technique for the measurement of BV. For example, Burge and Skinner (1995) had a *2.9% CoV and *2.5% CoV findings were reported in a review by Gore et al. (2005) . However, despite the low CoV for BV reported in the present study, it has used moderately trained participants. It may be that using this technique with highly trained participants will not be as accurate, as any change in BV parameters will be much smaller. In the present study, the low measurement error recorded for RCV (2.8%; 95% confidence interval 2.0-5.3%) and M Hb (2.8; 2.0-5.3%) compares favourably with similar findings reported by Gore et al. (2005) . They meta-analysed 346 estimates of error measurement on several blood parameters, including the carbon monoxide rebreathing technique used in this study, for the determination of RCV and M Hb . Adjusted for 1 day between trials and expressed as CoV, they reported mean errors for RCV (6.7%; 90% confidence interval 3.4-14%) and M Hb (2.2%; 1.4-3.5%). The lowest measurement error for M Hb was 0.9% (90% CI; 0.5-1.5%) obtained from Burge and Skinner (1995) and the lowest error of RCV reported as *2.4% (Myhre et al. 1970 ). However, the small sample size (four to five participants) implies uncertainty in this data. It was concluded that CO rebreathing is a reliable measure, for use in clinical and research situations, to monitor changes in BV parameters (Green et al. 2002) . However, Gore et al. (2005) reported that blood measures even with the smallest error, such as the carbon-monoxide rebreathing technique, showed some increase in error with increasing time between trials (Gore et al. 2005) . This is illustrated in the present study, with progressive increases in CoV and SEs for BV, PV, RCV and M Hb after seven, 14 and 42-49 days. For example, the treatment effect for PV that would need to be evident to reveal a difference in experimentation is; after seven (3.0%), 14 (5.3%) and 42-49 (7.3%) days apart. This has implications for monitoring and interpreting change in blood parameters, e.g. a PV measure with an error of 7.3% (42-49 days apart) is only useful for determining a change of that magnitude and maybe not accurate enough in a clinical setting (Gore et al. 2005) . Therefore, this work supports the use of the carbon monoxide rebreathing technique, for monitoring changes in BV parameters of moderately trained participants, taken ideally no more than 7 days apart.
Conclusions
There was attenuated thermal strain and enhanced exercise performance in the heat after short-term heat acclimation (90 min day -1 for 5 days), using the controlled hyperthermia (38.5°C rectal temperature) technique. These adaptations virtually all persisted for one but not 2 weeks following acclimation, as did the increased performance capacity. Therefore, from an applied perspective, the heat acclimation of individuals using a short-term protocol-should not be completed more than one *1 week before their relocation to a heat stressful environment and it is recommended that one additional heat exposure should be used for each 5 days away from significant exposure. Performance, cardiac frequency and core temperature benefits decayed at similar rates, which differed from that of PV. This indicates that the cardiovascular-related benefits from short-term heat acclimation may not be mediated by hypervolaemic responses per se.
The carbon monoxide dilution technique (Burge and Skinner 1995) was a reliable measure of BV repeated after 7 days with moderately trained participants but showed some increase in measurement error with increasing time between trials thereafter (Gore et al. 2005) .
